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Mieczysław WOLSAN 


A Comparative Analysis of the Ribs of Ungulates for Archaeozoological Purposes 
[With 14 figs.] | 


Analiza porównawcza zeber ssaków kopytnych dla archeozoologów 


Abstract. Ribs have been compared in respect of morphology in the following species 
of the ungulates: Alces alces (L.), Bison bonasus (L.), Bos primigenius Bos., Bos taurus L., 
Oapra hircus L., Capreolus capreolus (L.), Cervus elaphus L., Coelodonta antiquitatis (BLUM.), 
Dama dama (L.), Equus caballus L., Mammuthus primigenius (BLUM.), Ovis aries L., Rangifer 
tarandus (L.), Rupicapra rupicapra (L.), and Sus scrofa L., and the intraspecific serial varia- 
tion of these bones has been characterized, in order to make it possible for archaeozoologists 
to identify the above-mentioned species on the basis of ribs and their fragments. 
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: I. INTRODUCTION 

The objective of work is to make it possible for archaeozoologists to identi- 
fy species of the ungulates on the basis of the morphology of ribs. In addition 
to the interspecific comparative analyses of these bones presented here, their 
intraspecific serial variation has also been characterized. 

So far the morphology of ribs has been dealt with in a very general manner, 
mostly in handbooks (e.g. ELLENBERGER & BAUM, 1932; SISSON, 1945; Po- 
PLEWSKI, 1948; KLIMOV, 1950; BARONE, 1976) or in publications on the osteo- 
logy of a species (e.g. BOJANUS, 1827; BRANDT, 1877; FELIX, 1912; JANIOKI, 
1938; SZANIAWSKI, 1966). There are, however, no satisfactory methods which 
could be used in determination of the specific membership of ribs, although 
they constitute a considerable part of the skeleton and are frequently met 
with in excavations. The causes are to be sought in the large number of mor- 
phologically varying ribs in particular individuals and in the great intraspeci- 
fic variation of these bones. Their fragmentary state in fossil material is an 
additional difficulty for the archaeozoologist. The author has therefore attempted 
to find a method which would make the identification of species possible also 
on the basis of fragmentary ribs. 

The species under study belong to those ungulates whose remains are encoun- 
tered in European archaelogical excavations. U 


My sincere thanks go to Dr. Lucjan SYCH (Institute of Systematic and Ex- 
perimental Zoology, Polish Academy of Sciences, Cracow) who supervised this 
study and who gave me invaluable advice and assistance throughout every 
phase of it. 

For giving me access to the collections I am grateful to Assist Prof. Wanda 
MALINOWSKA of the Department of Animal Anatomy, Academy of Agrieul-. 
ture, Cracow, to Dr. Barbara PryrYoz of the H. Hoyer Department of Com- 
parative Anatomy, Jagiellonian University, Cracow, to Dr. Janusz Wogpru- 
SIAK of the Department of Systematic Zoology, Jagiellonian University, Cra- 
cow, to Dr. Franciszek KopryNezux of the Department of Animal Anatomy, 
Main School of Farming, Warsaw, and to Mr. Bogdan JAKUCZUN of the Tatra 
National Park. 


II MATERIAL AND METHODS 


The following species were examined: 


Alces alces (LINNAEUS, 1758) — elk N=6 
Bison bonasus (LINNAEUS, 1758) — European bison N=6 
Bos taurus LINNAEUS, 1758 — cattle N=6 
Capra hircus LINNAEUS, 1758 — goat N=6 
Capreolus capreolus (LINNAEUS, 1758) — roe-deer NSS 
Cervus elaphus LINNAEUS, 1758 — red deer N=6 


Coelodonta antiquitatis (BLUMENBACH, 1807) — woolly rhinoceros N=2 


Dama dama (LINNAEUS, 1758) — fallow deer NEO 
Equus caballus LINNAEUS, 1758 — horse N=8 
Ovis aries LINNAEUS, 1758 — sheep N=6 
Rangifer tarandus (LINNAEUS, 1758) — reindeer N=6 
Rupicapra rupicapra (LINNAEUS, 1758) — chamois N=6 
Sus scrofa LINNAEUS, 1758 — pig N=6 


The ribs of the domesticated and wild forms of Sus serofa L. are similar; the 
author had too scanty material at his disposal to be able to recognize the small 
differences found as sufficient to discriminate these forms. The observations 
and discussion presented in the paper refer to the domestic form. Part IV of 
this paper, devoted to discussion, includes data on the ribs of the aurochs, 
Bos primigenius BOJANUS, 1827, and mammoth, Mammuthus primigenius 
(BLUMENBACH, 1799), quoted from available literature. 

Adult specimens were examined. The specimen of. Coelodonta antiquitatis 
(BLUM.) of an indeterminate sex, derived from Podbaba near Prague (Czecho- 
slovakia) and stored in the Zoological Museum, Jagiellonian University, Cra- 
cow, is an exception, which BORSUK-BIAŁYNICKA (1973) placed in the young- 
-adult group. Some earlier authors (STACH, 1930; BIEDA, 1969) claim that the 
fomale of this species found at Starunia (Ukrainian SSR — USSR) in 1929, 
one of the two specimens examined in this paper, being in the possession of 
the Institute of Systematic and Experimental Zoology, Polish Academy of 
Sciences, Cracow, was a young animal. However, some characters of the skull 
(ossified nasal septum, erupted third molar) indicate its adult age. 

On account of the sexual dimorphism of ribs (Kocn, 1932; JANICKI, 1938; 
JUSKO, 1953; KOBRYŃ, 1973) attempts were made to include equal numbers 
of females and males in the study material. 

The author dealt only with the bony parts of ribs (ossa eostalia). 

The specimens examined come from the collections of the Institute of Sy- 
stematic and Experimental Zoology, Polish Academy of Sciences, Cracow, 
the Department of Animal Anatomy, Academy of Agriculture, Cracow, the 
.H. Hoyer Department of Comparative Anatomy and the Zoological Museum, 
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Jagiellonian University, Cracow, the Department of Animal Anatomy, Main 
School of Farming, Warsaw, the Tatra National Park and, in several cases, 
immediately from dissections. 


Definitions of measurements 


1. Length of os costale along its curvature — the shortest distance between 

facies articularis capitis costae and the distal point of substantia compacta, 
measured along margo anterior (Fig. la, 1—1). 
. Points A, B and C are placed successively at two-tenths, five-tenths and 
nine-tenths of this length, measuring from the dorsal end towards the ventral 
(Figs. la and 3). 

2. Greatest diameter of caput costae — the greatest distance between the 


Fig. 1. Measurements applied in this study (for explanation see Defs. 1—8 in the text) 
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point of facies articularis capitis costae anterior and the point of facies arti- 
cularis capitis costae posterior (Fig. lb, 2—2). 

3. Diameter of tuberculum costae — the diameter of facies articularis tu- 
berculi costae (Fig. le, 3—3). 

4. Spread of the dor sal end of the rib — the greatest distance between the 
proximal point of caput costae and the point of facies articularis tuberculi costae 
(Fig. 1e, 4-4). 

5. Length of collum costae — the shortest distance between facies arti- 
cularis capitis costae posterior and facies AUE is tuberculi costae (Fig. ic, 
5—5). : 

6. Breadth of collum costae — the shortest distance between margo an- 


facies articularis capitis costae 
posterior-posterior articular 


surface of ihe head of rib facies articularis 


tuberculi costae 
-articular surface 
of the tubercie of 
rib 


crista capitis costae 
- crest of the head of rib 


facies articularis capitis — 
costae anterior - anterior 


TE tuberculum costae - tubercle 
articular surface cf 


the head of rib of rib 
eget E collum costae - neck of rib angulus costae- 
A angle of rib 
caput costae-head of rib 
o 
o 
9 
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o 
9 o 
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+ ro 
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o © 
Pa i i 
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z ° 
2 bah 
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margo anterior — anterior margin 


facies 
externa - external 
surface 


margo posterior 


Substantia compacta - posterior margin 


- compact substance 


facies interna - internal surface 
substantia spongiosa — spongy substance 


Fig. 2. Explanations of anatomical terms used 
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terior and the edge that extends dorsally between caput costae and tubercu- 
lum costae (Fig. la, 6—6). 

7. Breadth of corpus costae — the distance bwtween margo anterior and 
margo posterior (Fig. la, 7—7). 

8. Thickness of corpus costae — the distance between facies externa and 
facies interna, measured along the straight line perpendicular to the line that 
passes through margo anterior and margo posterior (Fig. 1a, 8—8). 

Some of the definitions of measurements are based on those in DUERST 
(1930) and partly modificated. The remaining ones have been proposed by 
the author. The measurements were taken by means of a slide caliper and 
a string was used to measure the length of os costale along its curvature. | 

The mean values of the measurements are given in tables and graphs. The 
figures in brackets represent the numbers of specimens used to calculate the 
given values, if they were smaller than the numbers given on p. 169. The sym- 
bol “—” indieates that the measurement was not taken because the rib showed 
pathological lesions, was damaged or lacking, and “abs.” is used if its build 
was the cause of that. 

The drawings were made from original specimens; in the case of Coelodonta 
antiquitatis (BLUM.), on the basis of the skeleton from Starunia, in which the 
ribs of pair TIT are missing and the remaining ones are mostly damaged (their 
restorations are given in the drawings). The drawings were made only for 4—5, 
mostly homologous, ribs, for the serial variation of ribs and variation in shape 
of a single rib are almost continuous, which permits the reader to conjecture 
the appearance of the remaining ribs and their regions on the basis of the data 
given in this paper. SE 

The Latin nomenclature is taken from STELMASIAK (1979) (see Fig. 2). 


IM. RESULTS 
In order to facilitate the use of the data presented in this paper, the obser- 
vations and discussion are arranged according to the anatomic regions of the 
rib (see the Contents). 


1. Os costale 


The basic differences in the morphology of os costale between Coelodonta 
antiquitatis (BLUM.), Equus caballus L., Sus scrofa L. and the ruminants (exem- 
plified by Bos taurus L.) are illustrated in Fig. 3. 


1.1. Number of pairs of ribs 


Alces alces (L.) 13 
Bison bonasus (L.) 14. 


Equus 
caballus L. 


/ 


Bos taurus L. 


Sus scrofa L. 


Coelodonta antiquitatis (Bium.) 


Fig. 3. Left ribs arranged in a plane (x1); A, B, C — places in which transverse sections were performed (see Def. 1). 

Drawings of the ribs of the species examined in this work are also presented in publications of-the following-authors: Alves aloce-(Lus): PitaReki de Rosxos2- (1059: Pls. IL and III) — 
last posterior ribs: Bison bonasus (L.): JANICKI (1938: Pl. III) — I—XIV; Bos taurus L.: EXXENBERGER & Baum (1932: Fig. 74) — VII, Sisson (1945: Figs. 127 and 128) — I and 
VIII, POPLEWSKI (1948: Fig. 93) — VI, Krrwov (1950: Fig. 42) — a rib, NICKEL et al. (1954: Fig. 60) — XI, GILL et al. (1957: Fig. 64) — a rib, DOBBERSTEIN & HOFFMANN (1961: Fig. 
45) — XI, KRYSIAK (1975: Fig. 34) — XI, Barone (1976: Pls. 212 and 213) — III and XI, LUTNicki (1977: Pl. XXXIV) — two ribs; Cervus elaphus L.: Roskosz & PyTEL (1966 Pl.: 
XIII) — last posterior ribs; Coelodonta antiquitatis (BLUM.): LUBIOZ-NIEZABITOWSKI (1914b: Pl. LV) — I, GoRDEBV % ZERNAKOV (1957: Pl. III) — I—XIX; Equus caballus L.: CHAU- 
VEAU (1890: Fig. 55) — V and IX, Hoyer (1927: Fig. 42) — VII, ELLEBERGER & Baum (1932: Figs. 75 and 91) — IV, Sisson (1945: Figs. 22—24 and 27) — I and VIII, PoPLEWSKI 
(1948: Fig. 92) — VI, Krrwov (1950: Fig. 42) — a rib, NICKEL et al. (1954: Figs. 61 and 62) — IIT and XIII, Grrr et al. (1957: Fig. 64) —a rib, DOBBERSTEIN & HOFFMANN (1961: 
Figs. 48 and 49) — III and XIII, Krysiak (1975: Fig. 34) — III and XIII, Barone (1976: Pls. 209 and 210) — III and XI, LurincK1 (1977: Pl. XXXIV) — two ribs; Ovis aries L.: 
ELLENBERGER & BAUM (1932: Fig. 73) — VIII, LUTNICKI (1977: Pl. XXXIV) — a rib; Sus scrofa L.: ELLENBERGER & Baum (1932: Fig. 72) — VIII, Sisson (1945: Figs. 175 and 176) 
— I and VIII, Kumov (1950: Fig. 42) — a rib, NICKEL et al. (1954: Fig. 59) — XI, Grrr et al. (1957: Fig. 64) — a rib. DOBBERSTEIN & HOFFMANN (1961: Fig. 46) — XI, KRYSIAK 
(1975: Fig. 34) — XI, LurnicK1 (1977: Pl. XXXIV) — a rib - ; : ; 


M. Wolsan : 
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Bos taurus L. 13 
Capra hircus L. 13 
Capreolus capreolus (L.) 13 
Cervus elaphus L. 13 
Coelodonta antiquitatis (BLUM.) 17—18 * 
Dama dama (L.) 13 
Equus caballus .L. 18 

Ovis aries L. 15 
Kangifer tarandus (L.) 14 
Eupicapra rupicapra 13 

Sus scrofa L. 14—16 (14 — N=4, 15 — N=1, 16 — N=1) 


1.2. Length of os costale 


(On the basis of measurements of the length of os costale along its curvature — 
Def. 1) 


It inereases starting from rib I, which is the shortest, to the group of ribs 
(last sternal and first asternal ribs) which are more or less equal in this res- 
pect, and next decreases to the last posterior rib (Figs. 3 and 4; Table 1). 

The following pairs of ribs reach the maximum length: 


Alces alces (L.) VIII or IX (VIII — N=1, IX — N=5) 

Bison bonasus (L.) IX or X (IX —N=2, X — N=4) 

Bos taurus L. IX or X (IX — N=4, X — N=2) 

Capra hircus L. VIL, VIII or IX (VII — N=1, VIII — N=4, 
IX — N=1) 

Capreolus capreolus (L.) VIII or IX (VIII — N=1, IX — N=5) 

Cervus elaphus L. IX (N=6) 

Coelodonta antiquitatis (BLUM.) X (N=2) 

Dama dama (L.) IX (N=5) 

Equus caballus L. : IX or X (IX — N—1, X — N=7) 


* Neither of the examined specimens of Coelodonta antiquitatis (BLUM.) has a complete 
set of ribs. However, as regards the specimen from Starunia, it may be stated for certain on 
the basis of the bones preserved that it had 18 pairs of ribs originally. It is much more diffi- 
cult to determine the number of the pairs of these bones in the specimen from Podbaba. BOR- 
SUK-BIALYNICKA (1973) writes that it had probably 18 thoracie vertebrae (of which two are 
not mounted) and 4 lumbar vertebrae. This indicates the occurrence of 18 pairs of ribs. Ne- 
vertheless, in addition to the uncomplete skeleton mounted in the Zoologieal Museum, Jagiel- 
lonian University, Cracow, there are also some bony elements of Coelodonta antiquitatis (BLUM.), 
of which at least several ribs and a vertebra or two belonged, in my opinion, to this specimen. . 
One of the vertebrae probably comes from the lumbar region of the vertebral column, which 
would suggest that the specimen from Podbaba had 5 lumbar and 17 thoracic vertebrae 
and then 17 pairs of ribs. That is not quite sure though, because both the detached vertebrae 
and. most of those mounted were damaged and partly restored, not always quite in accordance 
with the original state. Moreover, the skeleton is mounted, which adds to the difficulties in 
comparison. It ean be stated beyond doubt only that primarily this specimen had not fewer 
than 16 pairs of ribs and not more than 18. 
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Fig. 4. Curves representing serial variation in the length of os costale along its curvature (Def. 
1; see Table 1) — for details see p. 172 
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Coelodonta antiquitatis (Blum) 


Equus caballus L. 


Sus scrofa L. 


Bos taurus L. 
Fig. 5. Dorsal ends of left ribs in ventral view (natural size). à Civ š 
Drawings of the dorsal ends of the ribs of the speeies examined in this work are also presented in publications of the following authors: Coelodonta antiquitatis (BLum.): BRANDT 
(1877: Pl. VIT) — two ribs; Equus caballus L.: NICKEL et al. (1954: Figs. 55—57) — II, VII and XVII, DOBBERSTEIN € HOFFMANN (1961: Figs. 42—44) — II, VIT and XVII, KRYSIAK 
i (1975: Fig. 35) — IT, VIT and XVII, Barone (1976: Pl. 211) — I, V, IX, XV and XVII, LUTNICKI (1977: Pl. XXXIV) — a rib 
M. Wolsan 
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Goelodonta antiquitatis (Blum.) 


Equus caballus L. 


Sus scrofa L. 


Bos taurus L. 
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Ovis aries L. VIII or IX (VIII — N=2, IX — N —4) 

Rangifer tarandus (L.) VIII, IX or X (VIII — N=1, IX — N—4, 
X—N-—1). 

Rupicapra rupicapra (L.) VIII or IX (VIII — N—1, IX — N=5) 

Sus scrofa L. VII or VIII (VII — N=1, VIII — N=5) 


1.3. Curvature of os costale (Fig. 3) 


The degree of the bend in corpus costae increases from rib I, in which corpus 
costae is almost straight, to the group of the ribs with the smallest curvature 
radius, to decrease slightly in the last few posterior ribs. 

In the first anterior ribs collum costae and corpus costae form an approxi- 
mately right angle; it gradually becomes more obtuse in the following ribs, 
approaching 180° in the last posterior ribs. This angle is generally less obtuse 
in the artiodactyls under study than in the perissodactyls. 

The perissodactyls examined have their ribs generally more bent than the 
artiodactyls. The ribs of Coelodonta antiguitatis (BLUM.) are more bent than 
those of Equus caballus L., and in the artiodactyls the degree of bend generally 
increases with decrease in the body size; in the smallest species it reaches si- 
milar values to those in the perissodactyls. The anterior ribs of Sus scrofa L. 
are particularly remarkably bent in the region of angulus costae. 


2. Dorsal end of rib 


The differences in the morphology of the dorsal end of the rib between 
Coelodonta antiquitatis (BLUM.), Equus caballus L., Sus scrofa L. and Bos taurus 
L. are illustrated in Figs. 5 and 6; some small differences are observed here in 
the ruminants examined but, as regards determination of species, they are 
of no major importance, owing to the comparatively great intraspecific va- 
riation of this region of the rib. 


2.1. Caput costae 


The morphology of facies articularis capitis costae anterior and facies ar- 
ticularis capitis costae posterior permits the discrimination of Coelodonta anti- 
quitatis (BLUM.), Equus caballus L., Sus scrofa L. and the ruminants (Figs. 5 
and 6). 

In Sus scrofa L. the above-mentioned articular surfaces are separated from 
each other by crista capitis costae (in the case of the skeleton with 16 pairs 
of ribs no facies articularis capitis costae anterior was found on the last poster- 
ior pair of ribs). As regards Coelodonta antiquitatis (BLUM.), these surfaces were 
observed to touch each other only on the ribs of pair V in the specimen from 
Starunia (the ribs of pairs XVIII of this specimen lack facies articularis ca- 
pitis costae posterior). In Equus caballus L. they are frequently contiguous 
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on the first anterior ribs (in one specimen this was also seen in pair XVIII). 
The contact of the articular surfaces of caput costae on the anterior ribs 
(occasionally also on the posterior ones) is a particularly frequent occurrence 
in the ruminants (most frequent in Bos taurus L.). 

In Hquus caballus L. and Sus scrofa L. it comes to the junction of facies 
articularis capitis costae posterior with facies articularis tuberculi costae on 
the last posterior ribs (see Section 2.3). 

In Equus caballus L. the greatest diameter of caput costae (Def. 2) gene- 
rally decreases from the first anterior ribs to the last posterior ones and in 
Coetodonta antiquitatis (BLUM.) it grows to pair V and next decreases. In the 
artiodactyls examined it increases distinctly on the last posterior ribs, whe- 
reas on the preceding ones it either generally So (Ovis aries L. and Sus 
scrofa L.) or decreases (remaining species) (Fig. 7; Table 2). 


2.2. Tuberculum costae 


The, prominence of tuberculum costae decreases gradually from the anterior 
ribs to the posterior; it reaches a particularly great height on the anterior ribs ` 
of Sus scrofa L. (Figs. 3 and 5). 

The size of facies articularis tuberculi costae generally decreases from the 
anterior ribs to the posterior (Figs. 5 and 6; Tables 3a and 3b). On the last 
posterior ribs of Coelodonta antiquitatis (BLUM.), Equus caballus L. and Sus 
scrofa L. this articular surface is very elongate, in the case of the last two spe- 
cles owing to the junction with facies articularis capitis costae posterior (see 
Section 2.3.). In the ruminants examined tuberculum costae is often reduced 
to a small process void of any articular surface. No facies articularis tuberculi 
costae was found on the following ribs: 


Alces alces (L.) XIII (N=4) 

Bison bonasus (L.) XIV (N=4) 

Bos taurus L. XII (N=6) 

Capra hircus L. XI (N=2), XII and XIMI (N=6) 
Capreolus capreolus (L.) XI, XII and XIII (N=6) ` 
Cervus elaphus L. XII (N=2) ahd. XIII (N=6) 
Dama dama (L.) XII and XIII (N=6) 

Ovis aries L. XII (N=3) and XIII (N=6) 


Rangifer tarandus (L.) XIV (N=1) 
Rupicapra rupicapra (L.) XIII. (N=2) 

In Coelodonta antiquitatis (BLUM.), Equus caballus L. and Sus scrofa L. 
the outline of facies articularis tuberculi costae is subcircular on most ribs 
and. in the ruminants examined it resembles an ellipse (Figs. 5 and 6; Table 4). 

This surface is flat or nearly flat on all the ribs of Coelodonta antiquitatis 
(Buuw.) Equus caballus-L. and Sus scrofa L.; in the ruminants examined 
it is concave (less so on the first anterior ribs than on the following ones) ex- 
cept the last posterior ribs, on which it becomes flat (Figs. 3, 5 and 6). 

12 za Acta Zoologica Crac. XXVI/1—7 
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Fig. 7. Curves representing serial variation in the greatest diameter of caput costae (Det. 2: 
; see Table 2) — for details see p. 172 
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2.3. Collum costae 


Its length increases starting from the first anterior ribs to the group of 
ribs on which it reaches a maximum and next decreases (Figs. 6 and 8; Tables 
5 and 6) so that eventually facies articularis capitis costae posterior becomes 
united with facies articularis tuberculi costae on ribs XV—XVIII (XV — 
N=1, XVI — N=4, XVII — N=7, XVIII — N=8) in Equus caballus L., 
and on ribs XI—XVI (N=6) in Sus scrofa L. The contiguity of these surfaces 
Was found neither in the examined ruminants, in which collum costae is par- 
ticularly conspicuous, nor in Coelodonta antiquitatis (BLUM.). 

The serial variation of the breadth of collum costae (Def. 6) is illustrated in 
Fig. 9 on the basis of the values given in Table 7. 


3. Corpus costae 


The basic differences in the morphology of corpus costae between Coelo- 
donta antiquitatis (BLUM.), Equus caballus L., Sus serofa L. and the ruminants 
(exemplified by Bos taurus L.) are shown in Fig. 3. 


3.1. Transverse section through corpus costae (Fig. 10) 

Its morphology permits the discrimination of all the species under study. 
In determining the specific membership of a fragment and the serial number 
. 0f a rib, the investigator should give attention mainly to the relation of the 
corpus costae to the thickness, the shape of facies externa and facies interna, 
the sharpness of margo anterior and margo posterior and the size of section, 
and in determining the region of corpus costae, additionally to the structure 
of substantia spongiosa, which is distinetly different in the A, B and C regions, 
and the relation of substantia compacta to substantia spongiosa. 


3.2. Breadth of corpus costae (Def. 7) 
3.2.1. Breadth of corpus costae at points A, B and C (Figs. 11 A—C; Table 8) 


Alces alces (L.) 
At A rib VI is the broadest and XIII the narrowest. 
At B rib III or V is the broadest and XI or XII the narrowest. 
At O rib I is the broadest and XI the narrowest. 


Bison bonasus (L.) 


At A rib V or VI is the broadest and XI or XIV the narrowest. 
At B rib VII or VIII is the broadest and XII, XIII or XIV the narrowest. 
At O rib I is the broadest and XIII or XIV the narrowest. 
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Fig. 8. Curves representing serial variation in the spread of the dorsal end of the rib (Def. 4; 
see Table 5) — for details see p. 172 
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Bos taurus L. 
At A rib VI, VII or VIII (most frequently VIII) is the broadest and XIII the 
narrowest. 
At B rib VII or VIII is the broadest and XIIII the narrowest. 


At © rib I, VI or VIT (most frequently I) is the broadest and XIII the narro- 
West. 


Capra hircus L. 
At A rib I, V, VI or VII (most frequently VI) is the broadest and XI, XII 
or XIII the narrowest. 
At B rib I, III, IV or, most frequently, VII is the broadest and XIII the nar- 
rowest. 
At © rib I is the broadest and X, XI, XII or XIII the narrowest. 


Capreolus capreolus (L.) 


At A rib III, IV, V or VI ru frequently V) is the broadest and XI, XII 
or XIII the ANNE 

At B rib TIL, IV or V is the broadest and X or XIII the narrowest. 

At € rib I or V is the broadest and XII or XIII the narrowest. 


Cervus elaphus L. 


At A rib IV, V or VI is the broadest and XII or XIII the narrowest. 
At B rib IV, VI or VIT is the broadest and XII or XIII the narrowest. 
At © rib VI is the broadest and XI the narrowest. 


l 


-Coelodonta antiquitatis (BLUM.) 
At A rib TV (in the specimen from Starunia) or V (in the one from Podbaba) 
is the broadest and the last posterior are the narrowest. 
At B rib V is the broadest and the last posterior are the narrowest. 
At © rib I (in the specimen from Podbaba) or VI (in the one from Starunia) 
is the broadest and the last posterior are the narrowest. 


Dama dama (L.) 


At A rib VI is the broadest and XII the narrowest. 
At B rib VII is the broadest and XIII the narrowest. 
At © rib I is the broadest and XII the narrowest. 


Equus caballus L. 


At A rib V or, more frequently, VI is the broadest and XIV, XV, XVI or XVII 
(most ei XVI) the narrowest. 

At B rib VI is the broadest and XIV, XV or XVIII (most frequently XIV) 
the narrowest. 

Ab © rib I or VI is the broadest and XVIII the narrowest. 
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Fig. 9. Curves representating serial variation in the breadth of collum costae (Def. 6; see Ta- 
ble 7) — for details see p. 172 
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Fig. 10. Transverse section through left ribs at points A, B and € (see Def. 1 and Figs. 1 and 3), all in the same position (natural size); a — margo anterior, e — facies externa, i — facies 
interna, p — margo posterior. 

Drawings of the transverse section of corpus costae in the species examined in this work are given also by POPLEWSKI (1948: Fig. 94) for Bos taurus L. (in the dorsal and the ventral 
part of a rib), Equus caballus L. and Sus scrofa L. (both in the middle part of a rib), and by FRECHKOP (1958: Fig. 1) for Alces alces (L.), Bos taurus L., Capra hircus L., Equus caballus 


M. Wolsan L., Ovis aries L., Rangifer tarandus (L.) and Sus serofa L. (all at one-fourth of the length rib V, measuring from caput costae) 
Acta Zoologica Oracoviensia XXV/6 
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Fig. 11A. Curves representing serial variation in the breadth of corpus costae at point A (Dels. 
1 and 7; see Table 8) — for details see p. 172 
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Fig. 11B. Curves representing serial variation in the breadth of corpus costae at point B (Defs. 
l and 7; see Table 8) — for details see p. 172 
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Fig. 11C. Curves representing serial variation in the breadth of corpus costae at point C (Defs. 
land 7; see Table 8) — for details see p. 172 
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- Ovis aries L. 

At A rib VII is the broadest and XIII the narrowest. 
At B rib VII is the broadest and XIII the narrowest. 
At C rib I is the broadest and XI the narrowest. 


Rangifer tarandus (L.) 
At A rib W or VI is the broadest and XIII the narrowest. 


At B rib I or, more frequently, III is the broadest and XI or XII the narro- 


west. 
At © rib I, V, VI or VII is the broadest and XI or XII the narrowest. 


Rupicapra rupicapra (L.) 


At A rib III, IV or VI (most frequently TIT) is the broadest and X, XI, XII 
or XIII (most frequently XI) the narrowest. 
At B rib VI or, more rarely, VII is the broadest and XI, XII or XIII the nar- 


rowest. 
At O rib Iis the broadest and. XII or XIII the narrowest. - 


Sus serofa Le 


At A rib ILL IV or V (most frequently um is the broadest and the last pos- 
_ terior the narrowest. 

At B rib III or, more rarely, IV is the broadest and one of the last posterior 
ribs (XI—XVI) the narrowest. 

At O rib I is the broadest and the last posterior the narrowest. 


3.2.2. Greatest breadth of corpus costae (Fig. 12; Table 9) 


Alces alces (L.) 
It decreases from rib I (in CY) to II (in CY), next increases to IV, V or 
VI (in BY) to decreases in the following ribs and increase again in XIII (in 


BO). 
It reaches a maximum in rib I and a minimum in XII (in CY). 


Bison bonasus (L.) 


It decreases from rib I (in CY) to TI or III (in CY), next increases to VIII 
(n BC) and again decreases to rise in XIII (in AB) and come down in XIV 
(in AB). 

It reaches a maximum mostly in rib I and a minimum in II or XIV. 


Bos taurus L. 


It decreases from rib I (in CY) to II or III (in CY), next increases to VI 
or VII (in BC) and decreases again up to XIII (in AC). | 
It reaches a maximum in rib I, VI or VII and a minimum in XIII. 
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Capra hircus L. 


It decreases from rib I (in CY) to II (in CY), incerases to IV or V (in BY), 
next comes down to VI (in BC) and again increases in VII (in BO) to decrease 
in the following ribs up to XIII (in BY). - 

It reaches a maximum in rib I and a minimum in XIII. 


Capreolus capreolus (L.) 


It decreases from rib I (in CY) to II (in BC), increases to IV or V (in BC) 
and decreases again to rise in XIII (in AB). 

It reaches a maximum in rib I or, more frequently, IV or V and a mini- 
mum in XII (in B region). 


Cervus elaphus L. 


It decreases from rib I (in CY) to II (in BY), next increases to V, VI or 
VII (in BC) and decreases in the following ribs to X or XI (im: BO) to grow 
again to XIII (in BC). 

It reaches a maximum in rib I, V, VI or VII and a minumum in X or XI. 


Coelodonta antiquitatis (BLUM.) 


In the Starunia specimen: it increases from rib I (in OY) to VI (in CY) 
and next generally decreases up to XVIII (in XA), in which it reaches a mi- 
himum. | 

In the Podbaba specimen: it decreases from rib I (in CY), in which it rea- 
ches a maximum, to III (in XA), next increases to VI (in CY) and again de- 
creases up to the last rib preserved, i.e. XVI (in AB), in which it has a mi- 
nimum. | 


Dama dama (L.) 
It decreases from rib I (in CY) to JAI (in BO), increases in the following 
ribs to VI (in BC), where it reaches a maximum, and decreases up to XIII 
(in XA), in which it has a minimum. 


Equus caballus L. 


It decreases from rib I (in CY) to III (in BC), increases to VI (in BO), next 
decreases to XV or XVI (in BC) to grow to XVIII (in XB). 
It reaches a maximum in rib I or VI and a minimum in XV or XVI. 


Ovis aries L. 


It decreases from rib I (in CY) to II (in BC), next increases, mostly to VII 
(in BC), and decreases in the following ribs to increase again in XII (in BO) 
and decrease in XIII (in BC). i 

In reaches a-maximum in rib I and a minimum in XIII. 
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Fig. 12. Serial variation of the rib regions in which corpus costae usually reaches its greatest 
and smallest breadths (Def. 7; see Table 9) — for details see p. 172 and Dei. 1 
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Rangifer tarandus (L.) 


It decreases from rib I (in CY) to II (in CY) and increases to IV, V or VI 
(in BC); it decreases in the following ribs to XI or XII (in BY), increases to 
XIII (in CY) to decrease again in XIV (in BO). 

It reaches a maximum in rib I, IV, V or VI and a minimum in XI or XII. 


Rupicapra rupicapra (L.) 

It decreases from rib I (in CY) to II (in BC), next for the most part increa- 
ses to III (in BC), starting from which it comes down to increase in VI (in 
BC); it decreases again mostly to XI (in XC) and then begins to rise to XIII 
(in XA). 

It reaches a maximum in rib I and a minimum in XI. 


Sus scrofa L. 


It decreases from rib I (in CY) to II (in AC), next increases to III or IV 
(in BC) to decrease in the following ribs, generally, up to the last posterior 
one (mostly in AB). 

It reaches a maximum in rib I, TIT or IV and a minimum in the last pos- 
terior one. 


3.2.3. Smallest breadth of corpus costae (Fig. 12; Table 9) 


Alees alces (L.) 


It decreases from rib I (in XA) to II (in XA) and increases to IV or, more 
rerely, V (in XA) to decrease in the following ribs up to XIII (XA). 
It reaches a minimum in rib. XIII and a maximum in IV or Y. 


Bison bonasus (L.) 


It increases from rib I (in XA) to V, VI or VII (in A region) and next de- 
creases to reach a minimum in XIV (in CY). 


Bos taurus L. 

It increases from rib I (in XA) to III (in XA), next decreases to V (in A 
region) and increases again to VI or VII (in XA) to decrease in the following 
ribs, mostly, up to XIII (in XA). 

It reaches a minimum mostly in rib XIII and a maximum in III, VI or, 
most frequently, VII. 


Capra hircus L. 


It decreases from rib I (in XA) mostly to II or III (in XA) and increases 
to V or VI (in XA) to decrease up to XIII (in B region). 
It reaches a minimum in rib XIII and a maximum in VI or VI. 
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Capreolus capreolus (L.) 


It increases from rib I (in A region) to IV or V (in A region) and next de- 
creases, reaching a minimum mostly in XIII (in CY). 


Cervus elaphus L. 


it mostly increases from rib I (in XA) to IV, V or VI (in XA), decreases 
in the following ribs, mostly to XI (in © region) and next increases to XIII 
(in XB). 
It reaches a minimum mostly in rib XI and a maximum in IV, V or VI. 


Coelodonta antiquitatis (BLUM.) 


lt increases from rib I (in XA) to IV (in XA) in the Starunia specimen or 
V (in BO) in that from Podbaba and next it generally decreases to reach a mi- 
nimum in the last posterior ribs (in CY). 


Dama dama (L.) 


It increases from rib I (m A region) to IV, V or VI (in XA) to decrease 
next up to XIII (in CY), where it has a minimum. 


Equus caballus L. 


It decreases from rib I (in A region) to II (in XA), next increases to V or 
VI (in XA) and decreases in the following ribs to increase in XVII (in XC) 
and decrease again in XVIII (in CY). 

It reaches a minimum in rib XVIII and a maximum in V or VI. 


Ovis aries L. 


it increase from rib I (in XA) mostly to VI (in XA), next decreases in 
the following ribs and increases again in XII (in O region) to decrease in XIII 
{mostly in B region). 

It reaches a minimum in rib XIII and a maximum mostly in VI. 


Rangifer tarandus (L.) 


It decreases from rib I (in XA) to II (in A region), increases to III, IV, 
V or, most frequently, VI (in XA), next decreases, mostly to XII (in AB), 
to increase again to XIV (in A or B region or in CY). 

it reaches a minimum mostly in rib XII and a maximum in IIT, IV, V or 


Rupicapra rupicapra (L.) 


It increases from rib I (in XA) to III or IV (in A region) and next decreases 
to reach a minimum in XIII (in CY). 
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Fig. 13A. Curves representing serial variation in the thickness of corpus costae at point A 
(Defs. 1 and 8; see Table 10) — for details see p. 172 
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Fig. 13B. Curves representing serial variation in the thickness of corpus costae at point B 
(Defs. 1 and 8; see Table 10) — for details see p. 172. 
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Fig. 130, Curves representing serial variation in the thickness of corpus costae at point C 
(Defs. 1 and 8; see Table 10) — for details see p. 172 
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Sus scrofa L. 

It mostly decreases from rib I (in XA) to II (in CY), increases to IV, V 
or VI (in CY) and next generally decreases up to the last posterior rib (in 
XA). 

It reaches a minimum in the last posterior rib and a maximum mostly in 
VI. 


3.3. Thickness of corpus costae (Def. 8) 


3.3.1. Thickness of eorpus costae at points A, B and C (Figs. 13 A—C; Table 10) 


Alces alces (L.) 


At A rib VIII or XIII is the thickest and III or IV the thinnest. 
At B rib I or VIT is the thickest and 11, III or IV the thinnest. 
At C rib I is the thickest and XIII the thinnest. 


Bison bonasus (L.) 


At A rib VII or, more rarely, VIII is the thickest and XIV the thinnest. 
At B rib I is the thickest and VI or XIV the thinnest. 
At C rib I is the thiekest and XIV the thinnest. 


Bos taurus L. 


At A rib VI or, more frequently, VII is the thickest and. M TIP XI XII op 
XIII (most frequently II) the thinnest. 

At B rib I, VII or VIII is the thickest and III, IV, XI, XII or XIII (most 
frequently IV) the thinnest. 
At C rib I is the thickest and XI, XII or, most frequently, XIII the thinnest. 


Capra hircus L. 


At A rib VII or VIII is the thickest and XI, XII or XIII the thinnest. 
At B rib I is the thickest and mostly X or XII the thinnest. 
At O rib I is the thickest and the last posterior are the thinnest. 


Capreolus capreolus (L.) 


At A rib V, VI or VII (most frequently VI) is the ipee and XIII the thin- 
nest. 

At B rib I is the thiekest and IIT, XII or, most rarely, XIII the thinnest. 
At O rib I is the thickest and mostly 11, XII or XIII the thinnest. 


o- 


Cervus elaphus l. 
At A rib VII is the thickest and mostly III the thinnest. 
At B rib I is the thickest and II, III, IV or XIII the thinnest. 
At C rib I is the thickest and II, III, XII or XIII the thinnest. 
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Coelodonia antiquitatis (BLUM.) 


At A rib VIII (in the specimen from Starunia) or IX (in the one from Podbaba) 
is the thickest and XV the thinnest. 

At B rib VI (in the specimen from Starunia) or VIII and IX (in the specimen 
from Podbaba) are the thickest and I (in the one from Podbaba) or XVIII 
(in that from Starunia) the thinnest. | 

At € rib I (in the specimen from Starunia) or V (in the specimen from Pod- 
baba) is the thickest and XVI (in the one from Podbaba) or XVIII (in that 
from Starunia) the thinnest. 


Dama dama (L.) 


At A rib VII is the thickest and XIII the thinnest. 
At B rib I, VI or VII is the thickest and II, XI or XII the thinnest. 
At © rib I, VI or VIT is the thickest and XIII the thinnest. 


Equus caballus L. 


At A rib V or, more frequently, VI is the thickest and I, XVI or, most frequently 
XVIII the Bo. 

At B rib V, VI or VII (most frequently V) is the thickest and XVIII the thin- 
nest. 

At O rib I is the thickest and XVIII the thinnest. 


. Ovis aries L. 
At A rib VI or VII is the thickest and XI, XII or XIII the thinnest. 
At B mostly rib I or XII is the thickest and mostly II or XIII the thinnest. 
At O rib I is the thickest and XIII the thinnest. 


Rangifer tarandus (L.) 
At A rib VII or, more rarely, VIII is the thickest and II or, more frequently, 
XIV the kn 
At B rib I or, more frequently, VII is the thickest and II or more frequently, 


XIV the thinnest. 
At © rib I is the thickest and XIV the thinnest. 


Rupicapra rupicapra (L.) 


| At A rib VII or, more rarely, VIII is the thickest and XIII the thinnest. 
At B rib Lis the (hickeśt and XI, XII or XIII (most fr TOY XII) the thin- 
nest. 

At © rib I, V or VI is the thickest and XII and XIII are the thinnest. 


| Sus scrofa L. 
At A rib V, VI or IX (most frequently VI) is the thickest and II the thinnest. 
At B rib VI or VII is the thickest and II or, more rarely, III the thinnest. 
At © rib I is the thickest and IT, penultimate or, most frequently, last poster- 
lor rib is the thinnest. 
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Fig. 14. Serial variation of the rib regions in which corpus costae usually reaches its greatest 
and smallest thicknesses (Def. 8; see Table 11) — for details see p. 172 and Def. 1 
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3.3.2. Greatest thickness of corpus costae (Fig. 14; Table 11) 


Alces alces (L.) 
It decreases from rib I (in CY) to III (in CY), next increases to V or VI 
(in CY) and again decreases to increase in XIII (in A region). 
It reaches maximum in rib I and a minimum in XII (in XA). 


Bison bonasus (L.) 

Tt decreases from rib I (in CY) to II or III (in CY), next increases and de- 
creases alternately to VI or VII (in CY) and generally decreases up to XIV 
(in XA). 

It reaches a maximum in rib I and a minimum in XIV 


Bos taurus Li. 


Tt decreases from rib I (in CY) to II, III (most rarely) or IV (in CY), next 
increases to VI, VII or, most rarely, VIII (in XA or CY) to decrease to X. or, 
more frequently, XI (in XA); it mostly increases again and then comes down 
in XIII (in XA). 

It reaches a maximum in rib I or, more rarely, VI, VII or VIII and a mi-. 
nimum in X, XI or XIII (most rarely in X). 


Capra hircus L. 

It decreases from rib I (in XA) to II (in XA), increases to V (in OY) and 
next either generally decreases to XIII (in XA) or to XI or XII (in XB) to 
increase again to XIII. 

It reaches a maximum in rib V and a minimum in XI, XII or XIII. 


Capreolus capreolus (1.) 

It decreases from rib I (in CY) to IL (in XA), next increases to IIL or IV 
(in CY) and decreases to V (in A region), starting from which it increases 
to VI, VII or, most rarely, VIII (in XB) and decreases again up to XIII (in 
A. region). | | 

It reaches a maximum in rib I and a minimum in XIII. N 


Cerous elaphus L. 


It decreases from rib I (in CY) to II or III (in CY), next increases to VI 
or VII (in XA) and decreases up to XIII (in XA). ` 
It reaches a maximum in rib I and a minimum in XIII. 


Coelodonta antiquitatis (BLUM.) 


It decreases from rib I (in CY) to II (in BY) and increases in the following 
vibs to decrease in VI (in CY) and increase in VII (in CY); next it generally 
decreases, in the specimen from Podbaba, to the last preserved rib, ie. XVI 
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(in XB) and, in that from Starunia, to XVI and XVII (in CY) to increase in 
XVIII (in region). 

lt reaches a maximum in V (in CY) and a minimum in XVI (in ino speci- 
men from Podbaba) or XVI and XVII (in the one from Starunia). 


Dama dama (L.) 


It decreases from rib I (in XA) to III (in XA), increases in the following 
tibs to VII (in A region) and decreases again up to XII or XIII (in XA). 
. It reaches a maximum in rib VII and a minimum in XII or XIII. 


Equus caballus L. 


lt decreases from rib I (in CY) to II or III (in XA or CY), increases to IV, 
V, VI, VII or, most frequently, VII (in XA or, in the case of IV and V, also 
in OY), next decreases, mostly to XV (in XB), and behaves in a various manner 
ln the last three posterior ribs. 

It reaches a maximum in rib I, IV, V, VII or VIII (most frequently in 
lor VIII) and a minimum in XV, XVI, XVII or XVIII (in XB). (most fre- 
quently in XVI or XVIII). 


Ovis aries L. 


It decreases from rib I (in XA) to II (in XA), next increases and decreases 
alter nately to VII (in XA) and decreases in the following ribs to increase again 
in XII (in XA) and decrease in XIII (mostly in A region). 

lt reaches a maximum in rib I or VII and a minimum in XIII. 


Rangifer tarandus (L.) 
. l6 decreases from rib I (in CY) to II (in XA), next increases to VII or VHI 
(in XA) to decrease up to XIV (in XB). 
It reaches a maximum in rib I and a minimum in XIV. 


Rupicapra rupicapra (L.) 


It decreases from rib I (in XA or OY) to II or III (mostly in XA), increases 
to V, VI, VII or VIII (mostly in XA) and next decreases usually up to XIII 
(in XA). | 
It reaches a maximum in rib I, V, VI or VIE and a minimum in XII or, 
more frequently, XIII. 


Sus scrofa L. 


lt mostly decreases from rib I (in OY) to II (in XA or CY), increases to 
V or, more rarely, VI (in AB or CY), next decreases in the following rib (in 
AB or CY) and increases in the next one (in XA or CY) generally to decrease 
up to the last posterior rib (mostly in A region). 

It reaches a maximum mostly in rib I and a minimum in the last posterior. 
14 — Acta Zoologica Crac. XXVI/1—-7 


3.3.3. Smallest thickness of corpus costae (Fig. 14; Table 11) 
Alces alces (L.) : 


It decreases from rib I (in B region) to II (in BC), next frequently inerea- x 


ses to III (in B region) and decreases in IV (in BC) to rise again to VII (in ` 


B or C region) and decrease up to XIII (in C region). 
It reaches a minimum in rib XIII and a maximum in I. 


Bison bonasus (L.) 


It decreases from rib I (in AB) mostly to IV (in BC), next increases to VII 
(in BC) and decreases and increases, generally alternately, up to XIV (in © 
region). 

It reaches a minimum in rib XIV and a maximum in L., 


Bos taurus L. | 
It decreases from rib I (in B region) to III or IV (in BC), next increases to 
V (in BC) and in the following ribs decreases and increases, generally alterna- 
tely, up to XIII (in CY). e 
It reaches a minimum in rib XIII and a maximum in I. 


Capra hircus L. 

It decreases from rib I (in AB or in C region) to III or IV (in © region), 
next increases to V (in O region) and decreases up to the last posterior ribs 
(in € region). 

It reaches a minimum in the last posterior ribs (XXII) and a maximum 
in I. 


Capreolus capreolus (L.) 


It decreases from rib I (in AB) to II (in C region), next increases mostly 
to V or VI (in © region) to decrease and increase, generally alternately, to IX, 
X or XI (in © region) and decrease to XIII (in C region). 

It reaches a minimum mostly in ribs XII and XIII and a maximum in T. 


Cervus elaphus L. 


It decreases from rib I (in AB or in C region) to II (in C region), next increases | 


to V or, more frequently, VI (in C region), decreases to VII (in CY), again 
increases in VIII (in CY) generally to decrease in the following ribs up to XIII 
(in CY). 

It reaches a minimum in rib II or, more frequently, EUMD and a maximum 
in I. 


Coelodonta antiquitatis (BLUM.) 


In the Starunia specimen: it increases from rib I (in BC) to IV (in € region), 
next decreases and increases, generally alternately, up to XVIII (in CY). 
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It reaches a minimum in ribs XVI and XVIII and a maximum in VII (m © 
tegion) and IX (in XA). | 

In the Podbaba specimen: it decreases from rib I (in B region) to II (in 
BC), next inereases to IV and V (in A region) and decreases again to VII (in 
A region); starting from this rib, it increases to X (in XA) to decrease next 
up to the last posterior ribs (in CY). It reaches a minimum in ribs XV and 
XVI and a maximum in X. 


Dama dama (L.) 


Jt decreases from rib I (in € region) to II or TIT (in C region), next increases 
to VI (in O region) and comes down up to XIII (in CY). 
It reaches a minimum in XIII nad a maximum in I ox VI. 


Equus caballus L. 


It decreases from rib I (in AB) to II or, more frequently, IIT (in BC), in- 
. eases to V or VI (in BC) and further decreases and increases, generally al- 
ternately, mostly to XIV PM region) and usually decreases to XVIII (in 
OY). | 


It reaches a minimum in rib XVIII and a maximum mostly in I. 


Ovis aries L. 


It generally decreases from rib I (in © region) to XII or XIII (in © region). 


Rangifer tarandus (L.) 


It decreases from rib I (in AB) to IT, III or IV (most frequently IT) (in BO), 
next increases to V or VI (in BC) and generally decreases up to XIV (in © re- 
Sion). 

It reaches a minimum in rib XIV and a maximum in I. Ë 


Rupicapra rupicapra (L.) 


It decreases from rib I (in © region) to II or III (in C region), next increases, 
Mostly to VI (in © region), to decrease up to XIII (in OY). 
It reaches a minimum in rib XIII and a maximum in I or VI. 


Sus scrofa L. 


It decreases from rib I (in AB) to II, III or IV (in BC), increases to VI or 
VII (in BO) and next generally decreases up to the last posterior ribs (in © 
region). | 

It reaches a minimum in the last but one or, more frequently, last posterior 
"ib and a maximum in 1, VI or VII (most frequently in I). 

14% 


IV. DISCUSSION 


1. Os costale 


1.1. Number of pairs of ribs 


Alces alces (L.) 


It has typically 13 pairs. of ribs, which is indicated by the author’s own 
observations- and those presented by GESSNER (1922), PILARSKI & ROSKOSZ 
(1959) and KoBRYŃ (1973). Occasionally these are 14 pairs (PILARSKI & Ros- 
KOSZ, 1959). ; 

Bison bonasus (L.) 


It has typically 14 pairs of ribs, which is indicated by the author’s own 
observations and those presented by BoJANUS (1827), FLOWER (1885), MER- 
TENS (1906), KocH (1932), JANICKI (1938), ALLEN (cited by Mom, 1952), 
MoBR (1952), Jusko (1953), Roskosz (1962) and KOBRYŃ (1973). Occasionally 
there are 13 pairs (BOJANUS, 1827; JANICKI, E Roskosz, 1962; KOBRYŃ, 
£973). A 

Bos primigenius Bos. 

It has typically 13 pairs.of ribs (BOJANUS, 1827; FLOWER, 1885; MERTENS, 

1906). | 


Bos taurus L. 


It has typically 13 pairs of. ribs, which is indicated by the author's own 
observations and those presented by BOJANUS (1827), FLOWER (1885), Our: 
VEAU (1890), LEISERING et al. (1890), SUSSDORF (1895), NUSBAUM (1903), 
MERTENS (1906), Hover (1927), ELLENBERGER & BAUM (1932), Sisson (1945), 
KrLrwov (1950), NICKEL et al. (1954), KOBRYŃ (1973), KRYSIAK (1975), BARONE 
(1976), LYTNICKI (1977) and others. Occasionally there are 14 pairs of ribs 
(SISSON, 1945). In this case the 14th pair is represented by a rib on one side 
of body or one rib on either side (BARONE, 1976). 


Capra hircus L. 


It has typically 13 pairs of ribs, which is indicated by the author's own 
observations and those presented by FLOWER (1885), CHAUVEAU (1890), Lat, 
SERING et al. (1890), SussporF (1895), HOYER (1927), ELLENBERGER & BAUM 
(1932), NICKEL et al. (1954), KOBRYŃ (1973), KRYSIAK (1975) and others. 


Capreolus capreolus (L.) 


It has typically 13 pairs of ribs, which is indicated by the author’s own 
observations and those presented by PILARSKI & Roskosz (1959) and Ko- 
BRYŃ (1973). 


Cervus elaphus L. 


It has typically 13 pairs of ribs, which is indicated by the author’s own 
Observations and those presented by FLOWER (1885), PILARSKI & ROSKOSZ 
(1959), Roskosz & PYTEL (1966), SZANIAWSKI (1966) and KoBRYŃ (1973). Oc- 
casionally, a rib of the 14th pair occurs on one or both sides of body (Ros- ` 
KOSZ & PYTEL, 1966). 


Coelodonta antiquitatis (BLUM.) 


The specimen found at Starunia in 1929 had 18 pairs of ribs and that from 
Podbaba probably 17. BRANDT (1877) writes that there are 18 pairs of ribs 
in the skeleton from Munich and the data included in GoRDEEY € ŻERNA- 
Koy's (1957) work show that the specimen from Fuljaérdi has 19. 

Thus, this species most probably had typically 18 pairs of ribs. 


Dama. dama (L.) 


It has typically 13 pairs of ribs, which is indicated by the authors own 
observations and those presented by FLOWER (1885), PILARSKI 6 ROSKOSZ (1959) 
and KoBRYŃ (1973). I 


Equus eaballus L. 


It has typically 18 pairs of ribs, which is indicated by the authors own 
observations and those presented by NUHN (1878), FLOWER (1885), CHAUVEAU 
(1890), LEISERING et al. (1890), SusspoRF (1895), NUSBAUM (1903), HOYER 
(1927), ELLENBERGER & BAUM (1932), SISSON (1945), AvTOKRATOV (1949), 
Kurwoy (1950), NICKEL et al. (1954), GILL et al. (1957), KRYSIAK (1975), Ba- 
RONE (1976), LuTNICKI (1977) and others. Occasionally there are 19 pairs of 
"bs (FLOWER, 1885; LEISERING et al, 1890; NUSBAUM, 1903; Hovfm, 1927; 
AVTOKRATOV, 1949; GILL et al., 1957; according to Sisson, 1945, the 19th pair 
May have a rib on either side of body or only one on one side or 17 pairs (LEr-. 
SERING et al., 1890; AVIOKRATOV, 1949; GILL et al., 1957). 


Mammuthus primigenius (BLUM.) 


The specimen found at the mouth of the River Lena in 1799, called Adams’s 
Mammoth, had 19 pairs of ribs (FELIX, 1912; PFIZENMAYER, 1926). As can 
be seen from the data contained in the works of the below-mentioned wri- 
ters, the specimen from Borna (FELIX, 1912), the specimen found at Starunia 
in 1907 (LUBICz-NIEZABITOWSKI, 1911, 1914a), the one from “Pfánnerhall” 
(Torprer, 1957) and that found at the sources of the River Atrikanova (Cop- 
PENS, 1958) had 19 pairs of ribs originally, too. PFIZENMAYER (1926) writes 
that the specimen found on the River Berezovka had 18 pairs, but FELIX 
(1912) claims that there were also two fragments, most probably derived from 
the 19th pair. According to FELIX (1912), the skeleton from Brussels contained 
20 pairs of ribs. : 

The foregoing suggests that this species had typically 19 pairs of ribs. 
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Ovis aries L. 

It has typically 13 pairs of ribs, which is indicated by the author’s own 
observations and those presented by FLOWER (1885), CHAUVEAU (1890), LEI- 
SERING et al. (1890), SUSSDORE (1895), HOYER (1927), ELLENBERGER & BAUM 
(1932), Sisson (1945), NICKEL et al. 1954, KOBRYŃ (1973), KRYSIAK (1975), 
BARONE (1976) and others. Occasionally there are 14 pairs (KOBRYŃ, 1973), 
with the 14th pair having ribs on both sides of body or only one rib on one 
side (Sisson, 1945). 

| Rangifer tarandus (L.) . 


It has typically 14 pairs of ribs, which is indicated by the author's own 
observations and those presented by FLOWER (1885) and KoBRYŃ (1973). 


Rupicapra rupicapra (L.) 
It has typically 13 pairs of ribs, which is indicated by the author's own 
observations. 
Sus scrofa L. 


In the skeletons examined by the author there were 14—16 pairs of ribs 
(most frequently 14). It seems to have typically 14 pairs, which number is 
also given by FLOWER (1885), CHAUVEAU (1890), LETSmRING et al. (1890), SUs- 
SDORF (1895), STOCKLI (1922), HOYER (1927), ELLENBERGER & BAUM (1932), 
Sisson (1945), AVTOKRATOV (1949), KLrmov (1950), NICKEL et al. (1954), KRY- 
SIAK (1975), BARONE (1976), LuTNICKI (1977) and others, although the occur- 
rence of 15 pairs is frequent (LEISERING et al., 1890; SUSSDORF, 1895; STÓC- 
KLI, 1922; HOYER, 1927; ELLENBERGER & BAUM, 1932; Sisson, 1945; AVTO- 
KRATOV, 1949; KLIMOV, 1950; NICKEL et al., 1954; KRYSIAK, 1975; BARONE, 
1976). Considerably more rarely there are 13 (ELLENBERGER & BAUM, 1952; 
AVTOKRATOV, 1949; Kirov, 1950), 16 (LEISERING et al, 1890; SUSSDORF, 
1895; Sróckia, 1922; HOYER, 1927; ELLENBERGER & BAUM, 1932; AVTOKRA- 
TOV, 1949; KLIMOV, 1950) or 17 pairs (LEISERING et al., 1890; SUSSDORF, 1895; 
Hover, 1927; Krrwov, 1950). In SHAW'S opinion (cited by ELLENBERGER & 
BAUM, 1932), higher numbers of ribs occur in the biggest, heavy-boned strains 
and the smaller ones in the smaller, medium- and small-boned strains and 
types. 


1.2. Length of os costale 


This length was determined by earlier investigators on the basis of various 
measurements. In the present study it has been obtained from the measure- 
ment taken along margo anterior (Def. 1). 


Alces alces (L.) 


The results of the present study indicate that the ribs of pair VIII or, 
more frequently, IX are the longest. KoBRYŃ (1973) writes that rib VIII is 
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the longest, although Table 3 of his work suggests rather IX. The ribs of pair 
XIV, observed by PILARSKI & RosKosz (1959), reach hardly a half of the length 
of pair XIII. 

The ribs of pair I are the homes This is indicated by the author's own 
Observations and those of KOBRYŃ (1973). 


Bison bonasus (L.) 


The authors own observations and those published by KoBRYŃ (1973) 
indicate that the ribs of pair IX or, more frequently, X are the longest. KocH 
(1932), too, mentions pair IX or X. Juśko (1953) writes that IX, although, 
a8 can be seen from Table IX in her work, it is also X. JANICKI (1938) claims 
that rib VIII (in a young male) or IX (in two adults of either sex) is the lon- 
Sest-and BoJANUS (1827) names rib IX. 

The observations presented in this paper and those of JANICKI (1938), 
ALLEN (cited by MoHn, 1952), JUSKO (1953) and KOBRYŃ (1973) indicate that 
the ribs of pair I are the shortest. Only in the case of a young male JANICKI 
(1938) mentions pair XIV. 


Bos primigenius Bos. 


BOJANUS (1827) writes that its rib XIII reaches a length of 1.5 f. or 432 mm 
(Boranus, 1965). 

As can be seen from the drawing of the skeleton of the specimen in the 
Jena Museum, published by BoJANUS (1827: Pl. XXIV), the ribs of pair I . 
are the shortest. 


Bos taurus L. 


Fhe results of the present study indicate that the ribs of pair IX or, more 
tarely, X are the longest. KoBRYŃ (1973) writes that rib VIII is the longest, 
although Table 3 of his work suggests rather IX. Other authors specify the 
following ribs as the longest: BARONE (1976) — VIII or IX, SusspoRr (1895) 
and Hover (1927) — IX, LEISERING et al. (1890), ELLENBERGER & BAUM 
(1932) and Krrwov (1950) — VII—IX, and NICKEL et al. (1954) and KRY- 
SIAK (1975) — VII—X. 

The ribs of pair I are the shortest. This is indicated by the author’s own 
Observations and those of LEISERING et al. (1890), ELLENBERGER & BAUM 

(1932), KoBRyŃ (1973) and BARONE (1976). 


Capra hircus L. 


The results of the present study indicate that the ribs of pair VII, VIII 
or IX (most frequently VIII) are the longest. KoBRYŃ (1973) mentions rib 
VIII, SussporF (1895) — IX, and NICKEL et al. (1954) and KRYSIAK (1975) 
ribs VII—X as the longest. 

The ribs of pair I are the shortest. This is indicated by the author’s own 
Observations ana those of KoBRYŃ (1973). 


Capreolus capreolus (L.) 

The results of the present study indicate that the ribs of pair VIII or, more 
frequently, IX are the longest. KOBRYŃ (1973) writes that rib VIII is dis lon- 
gest, although Table 3 of his work shows that it is more frequently rib IX. 

The ribs of pair I are the shortest. This is indicated by the author's own 
observations and those of KOBRYŃ (1973). , 


Cervus elaphus E 


The results of the present study indicate that the ribs of pair IX are the 
longest. According to SZANIAWSKI (1966), it is rib VIII or IX. KoBRYŃ (1973) 
writes that rib VIII is the longest, although Table 3 of his work suggests 
rather IX. 

The ribs of pair I are ; the shortest. This is indicated by the author’s own 
observations and those of SZANIAWSKI (1966) and KoBRYŃ (1973). 


Coelodonia antiquitatis (BLUM.) 


Both in the Starunia specimen found in 1929 and in the skeleton from Pod- 
baba the ribs of pair X are the longest and I the shortest. 
According to LUBIOZ-NIEZABITOWSKI (1914b), the length of rib I of the 
specimen found at Starunia in 1907 is 380 mm (for comparison: it is 315 mm 
in. the specimen from Starunia from 1929 and 305 mm in the skeleton from 
Podbaba). This measurement for the rib (one of the last posterior ribs) found 
in the River Prosna, taken on the convex side, is 530 mm (LUBICZ-NIEZA- 
BITOWSKI, 1920). 


Dama dama (L.) 


The results of the present study indicate that the ribs of pair IX are the 
longest. KOBRYŃ (1973) writes that rib VIII is the longest, although Table 3 
of his work suggests rather IX. 

The ribs of pair I are the shortest. This is indicated by the author's own 
observations and those of KoBRYŃ (1973). 


Equus caballus L. 

The results of the present study indicate that the ribs of pair TX or, more 
frequently, X are the longest. BARONE (1976) gives rib IX, Hover (1927) — 
X, LEISERING et al. (1890), ELLENBERGER & BAUM (1932), Sisson (1945) and 
KrrMov (1950) — X or XI, and SussporF (1895), NICKEL et al. (1954) and 
KRYSIAK (1975) — XI. 

The ribs of pair I are the shortest. This is indicated by the author’s own 
observations and those of LEISERING et al. (1890), HoyBr ((1927), ELLEN- 
BERG & BAUM (1932), Krrwov (1950) and BARONE (1976). 


Mammuthus primigenius (BLUM.) 


According to SALENSKY (sited by FELIX, 1912), the length of rib I of the 
specimen found on the River Berezovka is 50.2 cm and in the specimen from. 
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Borna 55.5 em (FELIX, 1912). This measurement for rib 11 of the specimen 
- from the River Berezovka is 54.4 cm (SALENSKY, cited by FELIX, 1912) and 
in the specimen from Borna about 58 cm (FELIX, 1912). TOEPFER (1957) gi- 
ves 44 em for a juvenile. As regards the specimen from Borna, FELIX (1912) 
gives the following values of the lengths of the ribs: IV, measured along the 
external curvature — 81 cm, measured along the internal curvature — 69 em, 
V — about 82 cm, VI, measured along margo anterior — 91 cm, VII — 101 cm, 
VIII — 112 cm, IX — 107 em, X — 105 cm, presumably XIV — 71 cm, 
XV — above 65 cm, XVI, measured along the internal curvature — above 
60 cm, XVIII — above 40 cm and XIX — 35.5 cm. 

Thus, in the specimen from Borna the ribs of pair VIII are the longest 
and XIX the shortest. 


Ovis aries L. 


The results of the present study indicate that the ribs of pair VIII or, more 
frequently, IX are the longest. SUSSDORF (1895) gives rib IX, KoBRYŃ (1973) — 
IX or X, and NICKEL et al. (1954) and KRYSIAK (1975) ribs VII—X. 

The ribs of pair I are the shortest. This is indicated by the author's own 
observations and those of KoBRYŃ (1973). 


Rangifer tarandus (L.) 

"The results of the present study indicate that the ribs of pair VIII, IX 
or X (most frequently IX) are the longest. KOBRYŃ (1973) writes that rib 
VIII is the longest, although Table 3 of his work suggests rather IX. or X. 

The ribs of pair I are the shortest. This is indicated by the author's own 
observations and those of KOBRYŃ (1973). 


Rupicapra rupicapra (L.) 


The results of the present study indicate that the ribs of pair VIII or, more 
frequently, IX are the longest and I the shortest. 


Sus scrofa L. 


The results of the present study indicate that the ribs of pair VII or, more 
frequently, VIII are the longest. According to SUSSDORE (1895), it is rib VII 
and, to NICKEL et al. (1954), VI or VIII. Sisson (1945) and BARONE (1976) 
claim that ribs VI—VII reach the greatest length and, according to LEISE- 
RING et al. (1890), ELLENBERGER & BAUM (1932) and Krxwov (1950), VI—VII. 

The ribs of pair I are the shortest. This is indicated by the author's own 
observations. 


1.3. Curvature of os costale 


The course of variation in the degree of bend in corpus costae observed | 
in the present investigation agrees with the data given, among other authors, 
by SUSSDORF (1895), ELLENBERGER & BAUM (1932), Sisson (1945), NICKEL et. 
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al. (1954) and KRYSIAK (1975) for Equus caballus L., ELLENBERGER & BAUM 
(1932) and BARONE (1976) for Sus serofa L., and KoBRYŃ (1973) * for the ru- 
minants under the study except Rupicapra rupicapra (L.). From data of 
FELIX (1912) and ToEPFER (1957) it results that the curvature of corpus cos- 
tae changes in a similar manner in Mammuthus primigenius (BLUM.). On the 
basis of the drawing of the skeleton of the specimen of Bos primigenius Bos. 
presented by BOJANUS (1827: Pl. XXIV) it may be stated that the same va- 
riation occurred also in that species. : 

The serial variation of the angle between collum costae and corpus costae, 
described in the third part (Results), corresponds, as regards Bos taurus L., 
to the data given by BARONE (1976). The statement that this angle is less ob- 
tuse in the artiodactyls examined than in the perissodactyls agrees with the 
observations published by Sisson (1945) on Bos taurus L. and. Equus caballus L. 

According to the author, the ribs are more strongly bent in the: perisso- 
«lactyls examined than in the artiodactyls. This agrees with the data presen- 
ted by HOYER (1927), ELLENBERGER & BAUM (1932) and Sisson (1945) for 
Equus caballus L. and Bos taurus L. The relationship found between the angle 
of curvature and the body mass of the animal in the artiodactyls is decribed 
by KopryN (1973) for the sternal ribs of the ruminants under the present 
study except Rupicapra rupicapra (L.). LEISERING et al. (1890), ELLENBERGER & 
Baum (1932), NICKEL et al. (1954) and KRYSIAK (1975) write that the bend 
in the ribs is greater in Capra hircus L. and Ovis aries L than in Bos taurus L. 
Sisson (1945) confirms that for Ovis aries L. and Bos taurus L. Sisson (1945) 
and BARONE (1976) paid attention to the particularly marked bend in ths re- 
gion of angulus costae in the anterior ribs of Sus scrofa L. observed also by 
the author of the present study. 


2. Dorsal end of rib 


2.1. Caput costae 


The author’s own observations and those of NICKEL et al. (1954) and Kry- 
SIAK (1975) indicate that crista capitis costae separates facies articularis capi- 
tis costae anterior from facies articularis capitis costae posterior on all the 
ribs of Sus scrofa L. The above-mentioned investigators think that facies ar- 
ticularis capitis costae anterior is lacking on the last three posterior ribs, which 
situation the author found only on the ribs of pair XVI of one specimen. The 


* This author gives the numerical values of the angle of the rib curvature (in Table 8), 
the length of the curvature radius (in Table 9) and the coefficient of the rib curvature (in Table 
10) for the ribs of 10 specimens of Alces alces (L.), 93 specimens of Bison bonasus (L.), 14 spe- 
cimens of Bos taurus L., 3 specimens of Capra hircus L., 22 specimens of Capreolus capreolus- 
(L.), 24 specimens of Cervus elaphus L., 5 specimens of Dama dama (L.), 17 specimens of Ovis 
aries L. and 7 specimens of Rangifer tarandus (L.). 


219 


existence of two detached articular surfaces on caput costae was also obser- 
ved in Mammuthus primigenius (BLUM.) (LUBICZ-NIEZABITOWSKI, 1914a; 
"ToEPFER, 1957). According to the author, the junction of these surfaces is 
very frequent in the ruminants (it is most frequent in Bos taurus L.). SZANIA- 
WSKI (1966) observed it on the ribs of pair I in Cervus elaphus L. and JANICKI'S 
. (1933) paper shows that this phenomenon occurs also on the first anterior ribs 
of Bison bonasus (L.), in which, according to KoBRYŃ (1973), crista capitis 
costae is indistinct in the first three anterior ribs. Only NICKEL et al. (1954) 
write that in Bos taurus L., Capra hircus L. and Ovis aries L. caput costae 
“has a distinct crista capitis costae in all ribs. 

The diameter of caput costae of rib I in the Starunia specimen of Coelo- 
donia antiquitatis (BLUM.) from 1907 is 3 em (LuBIcz-NIEZABITOWSKI, 1914b). 
In the specimen of Mammuthus primigenius (BLUM.) from “Pfánnerhall” this 
measurement is 6 cm for rib I and 5.5 em for II (Tomprmr, 1957), and in the 

specimen from Starunia 7 em for presumable XI or XII and 6 em for ribs XIV— 
XIX (LumnICZ-NIEZABITOWSKI, 1914a). | : 


2.2. Tuberculum costae 


The serial variation of the prominence of tuberculum costae described 
in the part on the results obtained was also observed by KOBRYŃ (1973) in 
Bison bonasus (L.). BARONE (1976) turns an attention on to a particularly 
considerable height of tuberculum costae in the anterior ribs of Sus scrofa L., 
the fact which has been observed by the present author. 

According to LUBICZ-NIEZABITOWSKI (1914b), the greatest diameter of fa- 
cies articularis tuberculi costae for rib I of the specimen of Coelodonta anti- 
quitatis (BLUM.) found at Starunia in 1907 is 30 mm and the smallest 20 mm 
(for comparison: in the Podbaba specimen 30.5 mm and 23 mm, respectively). 
These values for rib I of the specimen of Mammuthus primigenius (BLUM.) 
from “Pfánnerhall” are 57 mm and 43 mm, respectively (TOEPFER, 1957). 

The lack of facies articularis tuberculi costae, often observed by the author 
in the last posterior ribs of the ruminants, was also found by PILARSKI & Ros- 
Kosz (1959) on ribs XII and XIII of Alces alces (L.); KOBRYŃ (1973) observed 
it on rib XIV of Bison bonasus (L.) (the specimens of this species examined 
by JANICKI, 1938, had facies articularis tuberculi costae even on the last pos- 
terior rib), Sisson (1945) and BARONE (1976) on the last posterior ribs an 
NIOREL et al. (1954) on rib XIII of Bos taurus L., SZANIAWSKI (1966) on rib 
XIII of Cervus elaphus L., and LEISERING et al. (1890) and ELLENBERGER & 
Baum (1932) on rib XIII of Capra hircus L. and Ovis aries L. 

The ellipticity of facies articularis tuberculi costae found in most ribs of. 
the ruminants under study was also observed by KoBRYŃ (1973) in Bison 
bonasus (L.). — 

The course of variation observed in the concavity of facies articularis tu- 
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berculi costae in the ruminants examined was also described by KOBRYN (1973) 
for Bison bonasus (L.) and by SISSON (1945) and BARONE (1976) for Bos taurus L. 


2.3. Collum costae 


The union of facies articularis capitis costae posterior with facies articu- 
laris tuberculi costae occurred on ribs XV— VIII in the examined specimens 
„of Equus ‘caballus L. (most frequently on XVIII and XVIII). It-was observed 
by LEISERING et al. (1890), SussporF (1895), Krrwov (1950) and. BARONE 
(1976) on the last two posterior ribs, by HOYER (1927) and Sisson (1945) on. 
the last two or three, and by ELLENBERGER $ BAUM (1932), NICKEL et al. 
(1954) and KRYSIAK (1975) on the last three posterior ribs of the this species. 
As regards Sus scrofa L., the author observed the union of these articular sur- 
faces on ribs XI—XVI. NICKEL et al. (1954) and KRYSIAK (1975) claim that 
it takes place on the last three posterior ribs, LEISERING et al. (1890) recorded. 
it from the last three or four posterior ribs, BARONE (1976) from four or five 
and SISSON» (1945) from five or six. LUBICZ-NIEZABITOWSKI (1926) writes that 
on one of the last posterior ribs of Coelodonta antiquitatis (BLUM.) from the 
River Prosna facies articularis capitis costae posterior is joined with facies 
articularis tuberculi costae (the greatest diameter of these surfaces is 43 mm, 
the shortest 26 mm). No such junctions were observed in the examined speci- 
mens of this species (the ribs of pair XVIII of the Starunia specimen have no 
facies articularis capitis costae posterior and the last pair of ribs of the Pod- 
baba specimen has been lost). Collum costae is particularly conspicuous in 
the ribs of the ruminants under study and it never comes to the union of the 
above-mentioned surfaces. The same was indicated by the observations publish- 
ed by JANICKI (1938) and KOBRYŃ (1973) for Bison bonasus (L.), LEISERING 
et al. (1890), ELLENBERGER & BAUM (1932), NICKEL etal. (1954), KRYSIAK. 
(1975) and BARONE (1976) for Bos taurus L., SZANIAWSKI (1966) for Cervus 
elaphus L., and NICKEL et al. (1954) and KRYSIAK (1975) for Capra hircus L. 
and Ovis aries L. HOvER (1927) and Sisson (1945) think that collum costae 
is more distinct in Bos taurus L. than in Equus caballus L. 

According to LUBICZ-NIEZABITOWSKI (1914b), the spread of the dorsal end 
of rib I in the specimen of Coelodonta antiquitatis (BLUM.) from Starunia from 
1907 is 110 mm and the length of collum costae 30 mm (for comparison: in 
the skeleton from Podbaba 61 mm and 10 mm, respectively). The spread of 
the dorsal end of rib I in the specimen of Mammuthus primigenius (BLUM.) 
from Borna is 10.8 cm (FELIX, 1912), whereas in the one from “Pfánnerhall” 
it is 12.6 cm and in rib II 10 cm (ToEPFER, 1957). 

According to LUBICZ-NIEZABITOWSKI (1914b), the breadth of collum costae 
for rib I of the Starunia specimen of Coelodonia antiquitatis (BLUM ) found in. 
1907 is 17 mm (for comparison: in the skeleton from Podbaba it is 17.5 mm). 
This measurement for ribs XIV—XIX in the specimen of Mammuthus pri- 
migenius (BLUM.) from Starunia is 40 mm (LUBICZ-NIEZABITOWSKI, 1914a). 
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3. Corpus costae 


3.1, Transverse section through corpus costae 


Most of the authors quoted describe the morphology of corpus costae in 
various species, but they do that in a very general manner, insufficient for 
determining the species. PoPLEWSKI (1948), FRECHKOP (1958) and LUTNI- 
Cki (1977) emphasize the role of transverse sections in discrimination of the 
species. 

MERTENS (1906) states that the ribs of Bos primigenius Bos. are broad and 
flat in transverse sections and, according to BOJANUS (1827), they are broader 
than those of Bos taurus L. LUBIOZ -NIEZABITOWSKI (19143) writes that in 
shape the transverse section through the dorsal part of corpus costae in Mam- 
muthus primigenius (BLUM.) more or less resembles a rhomboid with a long 
onter side. FELIX (1912) reports that facies externa of rib I of the specimen 
from Borna is lightly convex and its facies interna is nearly flat (only in the 
ventral part it is somewhat concave). 


3.2. Breadth of corpus costae 
e 
Alces alces (L.) 

According to the author, the broadest ribs are those of pair I (at B — III 
or V). KoBRYŃ'S (1973: Tables 4 and 5) observations show that rib I is the 
broadest but, basing himself only on the measurements taken halfway along 
corpus costae, he writes that it is rib V, although his Table 4 suggests also rib 
ITI. 


Dison bonasus (L.) 


According to the author, the broadest ribs are those of pair I (at B — VII: 
or VIII). KocH (1932) writes that rib VII is the broadest (although Table 22 
presented in his work indicates also rib I) and JANICKI (1938) — VII or VIII, 
although the data given in his Table 44 suggest rib I. KoBRYN'S (1973: Tables 
4 and 5) observations show that it is rib I but, basing himself only on the mea- 
surements taken halfway along corpus costae, he writes that VII or VIII 


Bos taurus L. 


According to the author, the broadest ribs are those of pair I, VI or VII 
(at B — VII or VIII) Kopryn’s (1973: Tables 4 and 5) observations show 
thot rib I is the broadest but, basing himself only on the measurements taken 
halfway along corpus costae, he writes that it is rib VII or VIII. LEISERING 
et al. (1890), HOYER (1927) and ELLENBERGER & BAUM (1932) mention rib 
VI and BARONE (1976) — VIII or IX. NICKEL et al. (1954) claim that ribs 
VI—VII reach the greatest breadth. x 


to 
bo. 
bo 


Capra hireus L. 

According to the author, the broadest ribs are those of pair I (at B — I, 
HI, IV or, most frequently, VII). KoBRYŃ's (1973: Tables 4 and 5) obser- 
vations show that rib I is the broadest but, basing himself only on the raea- 
surements taken halfway along corpus costae, he writes that it is rib VII or 
VIII, although his Table 4 suggests rather III. NICKEL et al. (1954) think 
that ribs VI—VIII reach the greatest breadth. 


Capreolus capreolus (L.) 


According to the author, the broadest ribs are those of pair I or, more fre- 
quently, IV or V (at B — HI, IV or V). KoBRYŃ'S (1973: Tables 4 and 5) 
observations show that rib I, IV or V is the broadest but, basing himself only 
on the measurements taken halfway along corpus costae, he writes that it 
is rib VII, although his Table 4 suggests rather II or IV. 


Cervus elaphus L. 


According to the author, the broadest ribs are those of pair I, V, VI or 
VII (at B — IV, VI or VII). KoBRvN's (1973: Tables 4 and 5) observations 
show that rib I is the broadest but, basing himself only on the measurements 
taken halfWay along corpus costae, he writes that it is rib VII, although his 
Table 4 suggests also VI. SZANIAWSKI (1966) writes that ribs VII—VII reach 
the greatest breadth. 


Coelodonta antiquitatis (BLUM.) 


In the Starunia specimen from 1929 the ribs of pair VI are the broadest and 
in the skeleton from Podbaba — I (at B — V in both cases). 

LUBIOZ-NIEZABITOWSKI (1914b) writes that in the Starunia specimen from 
1907 the breadth of rib I measured halfway along the rib is 40 mm and close 
to the ventral end 65 mm (for comparison: as regards the specimen found at 
the same locality in 1929, these measurements, are respectively, 36 mm and 
44.5 mm, and in the skeleton from Podbaba, 36 and 54 mm. The breadth of 
one of the last posterior ribs (found in the River Prosna) measured in the mid- 
dle of its length is 46 mm (LuBICZ-NIEZABITOWSKI, 1926). 


Dama dama (L.) 

According to the author, the broadest ribs are those of pair VI (at B — VII). 
KoBRYŃ'S (1973: Tables 4 and 5) observations show that rib I is the broadest 
but, basing himself only on the measurements taken halfway along corpus 
costae, he writes that it is rib VII. 


Equus caballus L. 


The author’s own observations show that the ribs of pair I or VI are the 
broadest (at B — VI). LEISERING et al. (1890), HOYER (1927), ELLENBERGER & 
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Baum (1932), Sisson (1945), Kirov (1950) and NICKEL et al. (1954) give 
rib VI as the broadest and SussporF (1895) — VI or VII. 


Mammuthus primigenius (BLUM.) 


Jorpus costae of rib I in the specimen from Borna reaches its greatest 
breadth, which is 9.9 em, at a distance of about 8 em from the ventral end (FELIX, 
1912), in the skeleton from “Pfannerhall” the greatest breadth is 14.2 em at 
the ventral end (TOEPFER, 1957) and in the specimen found on the River Bere- 
zovka 8.5 em (SALENSKY, cited by FELIX, 1912). As regards rib II, the grea- 
test breadth is 6.2 em in the dorsal part of corpus costae in the specimen from 
Borna (FELIX, 1912), 7.6 em at the ventral end the skeleton from “Pfanner- 
hall” (5.5 em in a juvenile) ('TOEPFER, 1957) and 8.7 em in the specimen found 
on the River Berezovka (SALENSKY, cited by FELIX, 1912). For the specimen 
from Borna FELIX (1912) gives the following values of the breadth of corpus 
costae: rib IV (the greatest breadth) — 6 em, V (n the dorsal part, where it 
is particularly broad) — 8.3 cm, VI (in the dorsal part) — 7.7. em and (close 
to the ventral end) — 5.4 em, VII (in the dorsal part) — 6.8 cm and (at the 
ventral end) — 4.6 em, VIII (in the dorsal part) — 4.8 em and (at the ven- 
tral end) — 3.5 em, X (in the dorsal part) — 5.2 em end (at the ventral end) — 
3.6 cm, XV — 5.3 em, XVI (in the dorsal part) — 4.8 em and (in the ventral 
part) — 4.1 cm and XVIII (halfway along the vib) — 3.7 em. - 

Thus, the ribs of pair I are the broadest in the specimen from Borna. 


Ovis aries L. 


According to the author, the broadest ribs are those of pair 1 (at B — VID. 
KoBRYŃ'S (1973: Tables 4 and 5) observations show that rib I is the broadest 


" 


(measured halfway along corpus costae — VI or VIII). NICKEL et al. (1954) 


think that ribs VI—VIII reach the greatest breadth. 
x Rangifer tarandus (L.) 

According to the author, the broadest ribs are those of pair I, IV, V or VI 
(at B — I or, more frequently, III). KoBRYŃ's (1973: Tables 4 and 5) obser- 
vations show that rib I is the broadest but, basing himself only on the mea- 
surements taken halfway along corpus costae, he writes that it is rib IV, al- 
though his Table 4 suggests also III or V. 


Rupicapra rupicapra (L.) 

The author’s own observations show that the ribs of pair I are the broadest 

(at B — VI or, more rarely, VII). 
- Sus scrofa L. 

The author's own observations show that the ribs of pair I, ILE or IV are 
the broadest (at B — III or, more rarely, IV). NICKEL et al. (1954) and KRY- 
SIAK. (1975) ascribe the greatest breadth to ribs II—IV and LEISERING et al: 
(1890), ELLENBERGER & BAUM (1932) and Sisson (1945) to III—IV. 


w 
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3.3. Thickness of corpus costae 


Alces alces (L.) 


According to the author, the thickest ribs are those of pair I (at B— I 
or VII). On the basis of the measurements taken halfway along eut costae 
KoBRYŃ (1973) mentions rib I. 


Bison bonasus (L.) 


According to the author, the thickest ribs are those of pair I (at B — also 
I). This agrees with JANICKP s (1938: Table 44) observations. Basing himself 
on the measurements taken halfway. along corpus costae, KoBRYŃ (1973) wri- 
tes that rib Iis the thiekest, although Table 7 of his work shows that also X 
(more rarely). 
Bos taurus L. 


According to the author, the thickest ribs are those of pair I or, more rar ely, 
VI, VII or VIII (at B — I, VII or VIII). Basing himself on the measurements 
Ee halfway along corpus costae, KOBRYŃ (1973) writes that rib L is the 
thickest, although Table 7 of his work shows that rather XII or XIII. ` 


Capra hircus L. 


According to the author, the thickest ribs are those of pair V (at B — I). 
On the basis of the measurements taken halfway along corpus costae KOBRYŃ 
(1973) mentions rib 1. 


Capreolus capreolus (L.) 


According to the author, the thickest ribs are those of pair I (at B — also 
I). The same ribs are mentioned by KOBRYŃ (1973) on the basis of the mea- 
surements taken halfway along corpus costae. 


Cervus elaphus L. 


According to the author, the thickest ribs are those of pair I (at B — also I). 
Basing himself on the measurements taken halfway along corpus costae, Ko- 
BRYN (1973) writes that rib I is the thickest, although Table 7 of his work 
shows that also VI. 

Coelodonia antiquitatis (BLUM.) 


In tho specimens examined the ribs of pair V are the thickest (at B =. VI 
in the Starunia specimen or VIII and IX in the Podbaba skeleton). 

LUBICZ-NIEZABITOWSKI (1914b) writes that in the Starunia specimen from 
1907 the thickness of rib I in the middle of its length and close to the ventral 
end is 20 mm in both cases (for comparison: as regards the specimen found at 
the same locality in 1929, these measurements are, respectively, 18 mm and 
28 mm, and in the skeleton from Podbaba, 12.5 mm and 22 mm). The thickness 
of one of the last posterior ribs from the River Prosna, measured halfway 
along the rib, is 15 mm (LUBICZ-NIEZABITOWSKI, 1926). 


Dama dama (L.) 


According to the author, the thickest ribs are those of pair VII (at B — 
I, VI or VII). Basing himself on the measurements taken halfway along cor- 
pus costae, KOBRYŃ (1973) writes that rib I is the thickest, although Table 7 
of his work shows that also VII. 


. Equus caballus L. 


The author’s own observations indicate that the ribs of pair I, IV, V, VI, 
VII or VIII (most frequently I or VIII) are the thickest (at B — V or, more 
rarely, VI or VII). Hoyer (1927) and BARONE (1976) emphasize the conside- 
rable thickness of rib 1. e 


Mammuthus primigenius (BLUM.) 


In the specimen from “Pfánnerhall” the thickness of rib II at the ventral 
end of corpus costae is 33 mm (TOEPFER, 1957). FELIX (1912) writes that in 
the specimen from Borna this measurement for rib XV, taken in the middle 
of its length, is 32 mm and at the ventral end 34.5 mm. The greatest thickness 
of rib XIX of this specimen is 24 mm in the dorsal part (FELIX, 1912). 


Ovis aries L. 
According to the author, the thickest ribs are those of pair I or VII (at 
B — I or XII) Basing himself on the measurements taken halfway along 
corpus costae, KOBRYŃ (1973) writes that rib I is the thickest, although Table 7 
of his work shows also XIII. 


Rangifer tarandus (L.) 

According to the author, the thickest ribs are those of pair I (at B — I or, 
more frequently, VII). Basing himself on the measurements taken halfway 
along corpus costae, KOBRYŃ (1973) writes that rib I is the thickest, although 
Table 7 of his work shows also XII. 


Rupicapra rupicapra (L.) 


The author's own observations indicate that the ribs of pair I, V, VI, or 
VII are the thickest (at B — 1). 


Sus scrofa L. 


The author’s own observations indicate that mostly the ribs of pair I are 
the thickest (at B — VI or VII) NICKEL et al. (1954), KRYSIAK (1975) and 
BARONE (1976) emphasize the marked thickness of rib I. 
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STRESZCZENTE 


Porównano morfologie zeber 15 gatunkow ssaków kopytnych (Ungulata), 
spośród których trzynaście opracowano na podstawie własnych obserwacji 
a dwa — na podstawie danych z literatury. Scharakteryzowano również zmien- 
ność serialną tych kości w obrębie gatunku. Badane gatunki należą do tych 
spośród ssaków kopytnych, których szczątki spotykane są w europejskich wy- 
kopaliskach archeologicznych. Celem pracy było umożliwienie rozpoznawania 
tych gatunków na podstawie morfologii żeber i ich fragmentów. 

Obserwacje i część dyskusyjna pracy uporządkowane zostały według oko- 
lie anatomicznych żebra. W pierwszej części (1. Os costale) autor omówił zmien- 
ność liezby par żeber (1.1.), oraz długość (1.2.) i krzywiznę (1.3.) żebra kos- 
tnego. Część druga (2. Koniec dorsalny żebra) zawiera porównania główki 
(2.1.), guzka (2.2.) i szyjki żebra (2.3.). W części trzeciej (5. Corpus costae) 
scharakteryzowano przekroje poprzeczne trzonu żebra (3.1.), oraz jego sze- 
rokość (3.2.) i grubość (3.3.). 

Cechy dorsalnej okolicy żebra (ryc. 5 i 6) pozwalają rozróżnić podrzędy 
ssaków kopytnych, natomiast na podstawie trzonu o (przekroje poprzeczne, 
ryc. 10) można rozpoznawać gatunki. 
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